The role of mycorrhizal fungi has special importance in the case of low soil moisture because the colonization of vine roots by mycorrhiza increases water and nutrient uptake and thus aids the avoidance of biotic and abiotic stresses of grape. Our aim was to investigate in the Eger wine region the changes of mycorrhizal colonization, water potential, and yield quality and quantity of grape roots at three altitudes, along a changing soil moist gradient. Our results show that the degree of mycorrhizal colonization is higher in drier areas, which supports the water and nutrient uptake of the host plant.
Introduction
The changing climate can have adverse effects on agriculture. A quite serious effect is the increased length and frequency of extremely hot and dry periods during the summer, what may considerably alter the fruiting yield of the grape. Due to drought, the photosynthetic activity of the berries and the leaves is reduced [11, 14] . Poni et al. (1994) found that drought stress causes more serious damage to the youngest vines. Mycorrhizal colonization is really important for plants like grape for this plant species has fewer fine roots that cannot net the soil intensively on their own [12] . The fungal partner (mycobiont) supports the water and nutrient uptake of the host plant while the mycobiont gets the carbohydrate necessary for their metabolism from the plant [31] . In the case of grape, the fungus colonizes the DOI: 10.2478/ausae-2014-0008
Materials and methods
The Eger wine region is situated on 22,160 hectares in the northeast part of Hungary. The Eger wine region has almost 1,000 years of grape growing tradition. Our experiment was carried out in a plantation next to the city of Eger, which is the centre of the wine region. Three sets of experimental blocks were delineated at three different elevations along the slope of the sample vineyard (Fig. 1.) . Samples were taken from the same plots in the spring and autumn. In addition to mycorrhizal colonization, yield and the stum quality were measured. The vine variety investigated was a Pinot Noir grafted on Teleki-Kober 125 AA rootstock, planted in 2001. The lowest part of the plantation had not been cultivated for decades before the vine establishment because the roughly 1000 m 2 area was often covered with standing water. The soil of the plantation is a Ramman brown soil, which is a clay type. Due to the high level of precipitation in 2010 (Tab. 1.), the low-lying area was covered with inland water until the end of 2012. Block I was near the part of the vineyard covered with standing water. Blocks II and III were set progressively higher up the slope with the last one near the top of the vineyard, i.e. the crest of the slope. Each block contained four replications (4x25 vines in each block). In 2011 and 2012, fine root samples were collected from 16 vine plants from each block after flowering and in the autumn (so, altogether 196 grapevines were sampled). The fine root segments were washed in distilled water, and stored in 70% ethanol. Before examination, the root sections were stained with aniline blue. Mycorrhizal colonization was determined on randomly selected root fragments using the method described by McGonigle et al. (1990) as modified by Schreiner (2003) . The roots were mounted in parallel lines on the microscope slides. The proportion of colonization was determined under light microscope by assessing intersections between root fragments and the eyepiece micrometer at 2.5 mm increments. If the fragment contained hyphae and/or arbuscules, it was defined as colonized. Because the efficiency of the symbiosis can be described best by the number of arbuscules on the colonized root stage [22, 27] , we also documented the number of arbuscules together with the colonization evaluation for the investigated root sections. For 2012, the water potential of the grapes was measured at the three different elevations [24] . We used the SPKM 4000 (Skye Instruments Ltd.) pressure chamber instrument, which can measure between 0 and 4 mPa. The measurement was carried out in the summer of 2012, on a hot, sunny midday. We collected eight leaves from each block.
The results were statistically analysed with the SPSS programme's One-Way Anova and Fisher's exact tests.
Results and discussion
However, the precipitation of 2010 (Tab. 1.) induced inland water till the end of 2012; the standing water and high water table destroyed all the grape plants in this area. The lowest lying block (Block I) was adjacent to this area so as to describe the significant differences regarding water potential of the plants between the three blocks (Tab. 2.). This is evident in the relief photo of the area. The results show that in the spring of 2011 there was difference in the number of arbuscules between blocks (Tab. 3). The mycorrhizal and arbuscular colonization did not differ significantly. Difference between the averages investigated with Tukey-test (p<0.05) n.s. = no significant difference; + = p<0.1; * =p<0.05; **=p<0.01; ***=p<0.005
During the investigation of the roots sampled in the autumn of 2011, we found significant difference in colonization between blocks I and II, I and III, and in the number of arbuscules we again found difference between blocks I and II and I and III (Tab. 4). The arbuscular colonization percentage did not show significant difference between the blocks. Difference between the averages investigated with Tukey-test (p<0.05) n.s. = no significant difference; + = p<0.1; * =p<0.05; **=p<0.01; ***=p<0. 005 We found differences between the blocks in the spring sampling of 2012 (Tab. 5). Our results show significantly higher rates of the mycorrhizal colonization and number of arbuscules in the higher altitude blocks than in the lowest lying block near the moist area of the vineyard. Difference between the averages investigated with Tukey-test (p<0.05) n.s. = no significant difference; + = p<0.1; * =p<0.05; **=p<0.01; ***=p<0. 005 Our results are in agreement with those of [26, 32] : the grape definitely needs the support of the mycorrhizal colonization on dry and sloped sites, as well as on those of low humus content. The results also confirm those [8, 16] who observed that drought periods with low precipitation can increase the amount of mycorrhizal colonization and therefore contribute to the vine tolerance of drought stress. Almost every investigation has found a higher number of arbuscules at higher elevations of the slopes. At the beginning of our work, the first block was adjacent to the inland-water-covered part of the vineyard, so, the soil water content was high and the soil gas content was low for the grapevines. These conditions have probably contributed to the low colonization level of these vine roots as well. Here, the vine plants may not need the help of the fungus to improve their water uptake. As soil moisture content is more available to the vines, the frequency of the arbuscules decreases [29] . Mycorrhizal colonization is less common in the case of irrigated vineyards where soil moisture is maintained near an optimal level [27] . Supporting water uptake is not the only function of the hyphae. The arbuscularmycorrhizal fungus has an effect on the water storage capacity of the soil and the stability of soil aggregates by the ability of fungal hyphae to entwine the soil particles with the aid of a special compound, glomalin, produced by arbuscular mycorrhizal fungi [34] . 2012 was a dry year in Eger and the standing inland water evaporated from the lowest part of the vineyard. In the autumn of 2012, we did not measure significant difference in the number of arbuscules between the three blocks, but in terms of arbuscular colonization we saw significant differences in the favour of Block I. (Tab. 6). 
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Sign. 1   I-II I-III II-III  I-II  I-III  II-III  I-II  I-III  II- Difference between the averages investigated with Tukey-test (p<0.05) n.s. = no significant difference; + = p<0.1; * =p<0.05; **=p<0.01; ***=p<0.005 Table 7 shows us the comparison of the initial and the last examined periods. The changes marked in bold numbers in the case of Block I are quite important in the context of the decrease of the inland water during the two-year period. In accordance with [25] , the frequency of the arbuscules tends to indicate the efficiency of interaction between grape and fungus. Due to the mycorrhizal colonization, grapes have a higher tolerance to drought [8, 16] ; so in the case of our open-field trial, the results are confirmed. Most likely, the decrease of the soil moisture content contributed to the increased arbuscular colonization. Moreover, because of the previously unfavourable soil conditions, the nutrient uptake was limited in the first two years, and the increased AM colonization enabled the uptake of the previously unavailable nutrients (due to the saturated state of the soil) to nutrients available to the vines. Our results regarding the mycorrhizal colonization correlate with the measured yields. In 2011, the yield, the number of bunches and the average bunch weight was significantly lower in the case of Block I than the in the case of the others (Tab. 7). The differentiation of buds occurs in the previous year (Bényei et al. 1999) , so the unfavourable circumstances in 2010 (lack of air in the soil, inland water inundation and less sunlight (due to overcast and cloudy skies)) had a negative effect on the number of bunches and yield in the following year. Micorrhyza fungi help not only water uptake but nutrient uptake as well [25] ; so, the low number of arbuscules correlates with the reduced differentiation of the buds. The drier weather of 2011 and the disappearance of the inland water had a positive effect on bud differentiation. Yet, more bunches were observed at higher altitudes than were counted on the inland-water-covered block, but the yield was not found to be significantly different (Tab. 9). The regeneration of the vine is indicated by increases in the number of bunches and so the increased activity of the mycorrhiza measured as the number of arbuscules.
Conclusion
The results of our experiment were confirmed by results from other experts, which had been carried out in most cases under greenhouse conditions. Our work was a field trial and its importance is that mycorrhizal colonization was investigated under the effect of more extreme conditions and predictions from controlled experiments were confirmed in the actual vineyard site and across its variable soil. The results show the relevance of the microorganisms (in this case, the mycorrhizal fungi) in the balanced life of the grapevine, especially under extreme weather and site conditions, and in the practice of the organic farming.
